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SUMMARY

The Agricultural Unit of the Central Valley Regional Water Quality Control Board
(Regional Board) initiated a water quality monitoring program on the lower San
Joaquin River in May 1985. The objectives of this monitoring program are:

1. to assess existing water quality conditions;

2. to provide a Tlong-term database for assessing the effects of future
regulatory actions;

3. to provide a database to assess potential Tlong-term aquatic ecosystem
impacts including in-stream biotoxicity testing being conducted by Regional
Board staff; and

4., to provide a database to validate the San Joaquin River Input-Output Model
(SJR10-1) described in Appendix C of the State Water Resources Control Board
(SWRCB) Order No. WQ 85-1 Technical Committee Report on "Regulation of
Agricultural Drainage to the San Joaquin River" which was released in August
1987.

Selected mineral and trace element constituents were measured for total
recoverable concentrations at eight monitoring sites along a 60-mile section of
the San Joagquin River extending from near Stevinson at Lander Avenue to near
Vernalis at Airport Way. Water quality samples were collected on a monthly
basis, or at selected sites on a weekly basis, and analyzed for electrical
conductivity (EC), boron, chloride, total alkalinity, selenium, and, at selected
sites, molybdenum. A previous report has been issued for data collected from May
1985 through March 1988 (James, et al., 1988). A similar report has been
prepared for the period 1 October 1987 to September 1988 (Westcot et al., 1989)
and for the period 1 October 1988 to 30 September 1989 (Westcot et al., 1990).
The present report covers WY 90 (1 October 1989 to September 1990), a fourth
critically dry year.

The general trend in constituent concentrations along the San Joaquin River study
area during WY 90 continues to be that the Towest concentrations occur at the
upstream and downstream study end points; Lander Avenue and Airport Way
(Vernalis), respectively. Concentrations were highest just downstream of Lander
Avenue below the Salt Slough and Mud Slough (north) confluences at Fremont Ford
and Hills Ferry Road, respectively. Salt Slough and Mud Slough (north) are the
two major sources of subsurface agricultural drainage to the San Joaquin River.
Downstream of the Hills Ferry Road site concentrations decreased as each of the
three east side streams diluted the River.

Chloride, boron, sulfate, EC, selenium, and molybdenum values in the river appear
to be directly related to climatic and streamflow conditions in the river basin.
During the critically dry 1987-90 water years (WYs) constituent concentrations
were routinely higher than they were during the wet 86 WY. During WY 90 these
same constituents also show seasonal variations 1in concentrations with the
highest levels occurring during the nonirrigation season (October to March).



In December 1988, the Regional Board adopted water quality objectives for the San
Joaquin River. These objectives and associated compliance dates were approved
by the State Water Resources Control Board in September 1989, the final month of
WY 89. The objectives were set for molybdenum, boron and selenium.

Molybdenum water quality objectives are delineated by location on the river;
upstream of the Merced River inflow (10 pg/L) and downstream of the Merced River
inflow (19 pg/L). During WY 90, only one site, Lander Avenue, the single site
upstream of the drainage inflows exceeded the water quality objective. The non-
compliance is a result of natural conditions and Tlikely the result of the
critically dry year. During WY 90, flows at the Lander Avenue site were very low
and most flow resulted from ground water seepage.

Boron water quality objectives are delineated by location on the river, season,
and water year type. Throughout WY 90, a critically dry year, three sites
exceeded their respective approved boron objectives. Two of the sites, the San
Joaquin River at Fremont Ford and the San Joaquin River at Hills Ferry, are
upstream of the Merced River inflow (objective, 2.0 mg/L). While the third, the
San Joaquin River at Crows Landing is downstream of the Merced River inflow
(objective 1.3 mg/L). Compliance with these objectives is to begin in 1993.

In addition to water quality objectives, milestones were also set for selenium
to assess progress towards meeting the objectives. During WY 90, selenium
concentrations in the San Joaquin River at both Hills Ferry and Fremont Ford
exceeded both the 1993 objective and the WY 90 milestone for the upstream reach
of the river. In the downstream reach of the river, the Crows Landing site
exceeded both the objective and milestone although concentrations rapidly
diminished farther downstream. Lack of freshwater dilution contributes to the
higher concentrations found in the critically dry water years.

Water quality in the San Joaquin River will continue to be evaluated against
objectives and milestones in upcoming water years.



INTRODUCTION

The Agricultural Unit of the Central Valley Regional Water Quality Control Board
(Regional Board) initiated a water quality monitoring program on the lower San
Joaquin River 1in May 1985. Water quality samples were collected at eight
monitoring sites along a 60-mile section of the River extending from near
Stevinson in Merced County to Airport Way near Vernalis in San Joaquin County
(Figure 1). The purpose of this monitoring program was to compile an ongoing
database for selected inorganic constituents found in San Joaquin River water.
This database will be used to help assess the effects of agricultural drainage
water on the quality of the San Joaquin River. A long-term database is essential
to assess the long-term effects of the implementation of regional agricultural
drainage reduction programs. This report contains the results of this monitoring
program for data collected from October 1989 through September 1990 (WY 90). A
previous report has been issued for data collected from May 1985 through March
1988 (James et al., 1988). Follow-up reports have been prepared for Water Years
(WY) 1988 (1 October 1987 to 30 September 1988 (Westcot et al., 1989)) and WY
1989 (1 October 1988 to 30 September 1989) (Westcot et al., 1990)). This
monitoring program was designed to complement monitoring programs conducted by
other state, federal, and local agencies.

STUDY AREA

The study area consists of the 60-mile section of the San Joaquin River extending
from Lander Avenue (Highway 165) near Stevinson to Airport Way near Vernalis.
Monitoring sites are located near each of the eight river overcrossings on this
section of the River (Figure 2).

There are five major tributaries to the San Joaquin River within this study area:
Salt Slough, Mud Slough (north), and the Merced, Tuolumne, and Stanislaus Rivers.
Salt Slough and Mud Slough (north) drain the Grassland Area of western Merced
County and discharge to the San Joaquin River in the southern portion of the
study area (Figure 2). These two sloughs are the major source of agricultural
subsurface drainage water discharges to the San Joaquin River. They carry a
varying mixture of surface and subsurface agricultural drainage, operational
spillage from irrigation canals, and seasonal drainage from duck ponds flooded
each winter for waterfowl habitat. The Merced, Tuolumne, and Stanislaus Rivers
are east side streams which drain the Sierra Nevada Mountains and contain
relatively high quality water.

tributaries as well as surface and subsurface agricultural drains that discharge
to the San Joaquin River within the study area. A list of significant inflows
and their locations, referenced by river mile are listed in Table 1. The
monitoring sites are also listed in this table. A full description of the
inflow points that occur in this 60-mile section of the River are in James,
et al. (1989).



Airport Way

Rivel

S
foé\e\a\)
e\

azeBvd  Modesto

132

Vernalis

7
&, &
4 60@ &

Grayson Rd a

Graysont

@ Westley

Vg
? "’\g;e

Patterson

West Main

Crows
Landing

Newman

Area
Eniarged

_.4 Gustine

" Scale

01 2 34 56 73 %10 .
el —— i — i Miles

PP Kilometers
o 4 8 12 18

Fig. 1 Location Map



()3
=
=
Qo
o
£
Rivel
-5 .\3\3\)‘5
g%,
H
» MazeBvd  Modesto
Vernalis G 721%2 B
\(\\\\ % <&
@ Grayson{(F Grayson Rd 99
Westley U;';)
(¥4
%
%,
° %
s A0 West Main
L OLKEE
Patterson E %. 3
[~
3
&
C)k§ D 165
Crows
Landing ‘x@&ed River
c Rd
25
& %
"~ Legend z
Site index A - H Gustine .
keyed to Table 1. 3

Scale

0.1.2.3 4 5 6. 7.8.9.10 .. . ...
Miles

R Kilomaeters
4] 4 8 12 16

A

-N-
I

Los Banos
33 \{152

Fig. 2. Index Map



Table 1. Tributaries and Drains to the San Joaquin River Between
Lander Avenue and Airport Way

River Mile |Description Type*
132.9 Lander Avenue (Site A)
129.7 Salt Slough TS
125.1 Fremont Ford (Site B)
121.2 Mud Slough T,S
119.6 Newman Wasteway 0S
119.5 Newman Drainage District Collector Line A T
119.1 Hills Ferry Road Drain S
118.8 Hills Ferry Road (Site C)
118.2 Merced River N
117.5 Newman Drainage District Collector Line | T
117.2 Azevedo Road Drain S

" 113.4 Freitas Rd. Drain + south of Freitas Rd. Drain S
112.0 Turlock lIrrigation District Lateral 6 S0
109.0 Orestimba Creek N,S
107.2 Crows Landing Road (Site D)
105.0 Spanish Grant, Marshall Rd., Moran Rd. Drain ST
103.5 Turlock lIrrigation District Lateral 5 S
100.0 Ramona Lake Main Drain ST
098.6 Patterson Water District Main Drain ST
098.4 Las Palmas Launching Facility (Site E)
097.6 Olive Avenue Drain S
097.3 Lemon Avenue Drain S
097.0 Eucalyptus Avenue Drain S
095.2 Turlock Irrigation District Lateral 3 S
092.9 Del Puerto Creek N,S
091.4 Houk Ranch Drain ST
090.3 Turlock Irrigation District Lateral 2 S
089.1 Grayson Road (Site F)
087.0 Old San Joaquin River Channel S
083.7 Tuolumne River N
081.1 Merced lIrrigation District Lateral 4 S
079.9 Hospital/Ingram Creeks S, T
078.9 Center Road Drain S
077.6 El Solyo Drain ST
077.4 Blewett Drain S
077.3 Maze Boulevard (Site G)
074.9  |Stanislaus River - ' N
073.6 Airport Way (Site H)

* LEGEND
S Surface Agricultural Drain
T Subsurface Agricultural Drain
- N Natural Stream
O Operational Spillage




TEMPORAL VARIATIONS IN STREAMFLOW

A WY extends from 1 October of one year to 30 September of the following year.
The average yearly flows of the San Joaquin River for the WYs 85-89 were given
in James et al., (1988) and Westcot et al., (1989 and 1990). Streamflows in the
85, 87, 88, and 89 WYs were below the long-term average and in the 86 WY they
were above average. The 90 WY, presented in this report, was also below average.
WYs 87 through 89 were classified as critically dry years as described in James
et al., (1988). The 90 WY is one of the few instances where a critically dry
year has followed three previous critically dry years.

METHODS

The Regional Board monitoring program for the San Joaquin River began in May 1985
and has continued through the 1990 WY. The frequency of sample collection
varies, but generally grab samples were collected on a monthly basis. However,
due to the extreme dry conditions encountered in WY 90, the sampling frequency
was increased for five of the eight sites to biweekly or weekly. A1l samples
were analyzed for total recoverable selenium, boron, chloride, sulfate, total
hardness, and EC. Selected samples were also analyzed for molybdenum. Samples
collected at the Hills Ferry Road site were analyzed for total recoverable
copper, chromium, nickel, lead, zinc, selenium, molybdenum, and a full general
mineral analysis on a monthly basis. Data recorded in the field included time,
temperature, pH, and EC.

Selenium and trace element samples were preserved with ultra-pure nitric acid to
Tower the pH of the sample to two or less. Mineral samples were kept on ice
until submitted to the Taboratory for analysis. A quality control and quality
assurance program was conducted. Spike and duplicate samples were utilized in
the Tlaboratory. In addition, blind replicate samples were collected at
10 percent of the sites and 50 percent of the blind replicates were spiked for
laboratory quality assurance. Reported results fall within quality assurance
tolerance guidelines.

RESULTS

Concentrations of the measured constituents in WY 90 followed a consistent
pattern along the San Joaquin River study area. The Tlowest concentrations
generally occurred at the upstream study site at Lander Avenue while the highest
concentrations occurred just downstream at Fremont Ford and Hills Ferry Road,
which are Tlocated below the Salt Slough and Mud STough (north) confluences,
respectively (Figure 2). . Downstream of -the Hills Ferry Road site there was a
progression of decreases in constituent concentrations as the Merced, Tuolumne,
and Stanislaus Rivers each inflowed and diluted the San Joaquin River. These
results are consistent with findings in WY 86 through WY 89 (James et al., 1988
and Westcot et al., 1989 and 1990).

Results of water quality analysis for minerals and trace elements are listed by
site in Appendix A, Tables 1A-8A. The ranges and median concentrations at each
site for selected mineral constituents and selenium and boron are shown in
Table 2.
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The ranges and median values at each monitoring site are graphically represented
for EC, chloride, sulfate, boron, selenium and molybdenum in Appendix B, Figures
1B through 6B, respectively. These graphs show the general trend in the
concentrations of these selected minerals and trace elements along the entire
study area. For all constituents except molybdenum, the lowest concentrations
occurred at Lander Avenue, the upstream study end point, while the highest
concentrations occurred at the next two downstream sites, Fremont Ford and Hills
Ferry Road. The Lander Avenue site represents upstream background concentrations
as no subsurface drainage water enters the river prior to this site. During dry
and critically dry years, flow at this site is greatly reduced. The sites at
Fremont Ford and Hills Ferry Road contain significant concentrations of
subsurface drainage water which enters upstream of these sites, but below Lander
Avenue. Downstream of the Hills Ferry Road site, the Merced River inflows and
dilutes the river, thus concentrations at the next three sites downstream are
lower than at Hills Ferry Road. These three sites, Crows Landing, Las Palmas
Avenue, and Grayson Road, are located between the Merced and Tuolumne Rivers and
their concentrations do not change significantly between these sites. The
concentrations were further reduced in the river downstream of the Tuolumne and
Stanislaus River inflows as measured at Maze Boulevard and Airport Way,
respectively. The trend of decreasing concentrations as you move downstream are
shown for boron, EC and selenium in Figures 3, 4 and 5, respectively. This
downstream trend was also recorded by Gilliom (1986) and Clifton and Gilliom
(1988). During an above normal water year, such as was found in WY 86, the
quality at Lander Avenue (upstream site) is essentially the same as that found
at the downstream site at Airport Way (Vernalis) due to dilution from eastside
streams. In dry or critically dry water years, the upstream site often shows
consistently poorer quality water than the downstream site. This poorer quality
water at the upstream site is likely due to low flow conditions in the River at
that point.

The Hills Ferry Road site had the highest median EC (2490 pmhos/cm), boron
(2.1 mg/L) and sulfate (520 mg/L). These values are generally only slightly
higher than those at Fremont Ford. This pattern is consistent with findings
through WY 88 as both Salt Slough and Mud Slough (north) were used to transport
subsurface drainage water to the river. In WY 89, however, it was noted that the
majority of the drainage water was discharged through Salt Slough with the result
that the highest median concentrations in the river were found immediately
downstream at Fremont Ford (Table 1)(Westcot et al., 1990). Even though the
highest median for EC, boron, and sulfate were found at the Hills Ferry Road
site, this site did not show the highest median concentration for selenium. The
highest median selenium concentration was found at the Fremont Ford site,
indicating that Salt Slough continued to be the main source of subsurface
drainage water being discharged to the river. Selenium concentrations are the
best illustration of the drainage inflow as greater than 95 percent of the
selenium in the river comes from the discharge of subsurface agricultural
drainage water (SWRCB, 1987).

The increased concentration downstream of Fremont Ford could be related to other
discharges entering through Mud Slough (north) or to the low flow conditions
found in WY 90, which may have resulted in poor quality ground water seepage into
the river being a higher percentage of the total flow at Hills Ferry Road. The
latter may be a strong possibility as the highest median chloride concentration
was also seen at the Hills Ferry Road site. Data, however, was inadequate to
make a complete assessment.
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Following a trend noticed in the 86-89 WY data (James et al., 1988 and Westcot
et al., 1989 and 1990), EC and boron values are generally highest during the
drier water years (including WY 90). EC and boron values for the critical 87
through 90 WYs were routinely higher than they were during the wet 86 WY. As
shown by James et al., (1988) at the Hills Ferry Road site during the wet 86 WY,
the median EC value was 1100 pymhos/cm (Table 3). The median EC value increased
in the critical 87 WY to 1720 pmhos/cm. During the fourth consecutive
critically dry 90 WY, EC values were even higher, ranging from 1120 to 4120
pmhos/cm with a median of 2490 umhos/cm. Boron values followed the same trend.
During the wet 86 WY, at Hills Ferry the median boron value was 0.91 mg/L (Table
3). In the critical 87 WY and 88 WY, the median values were 1.6 mg/L and 1.7
mg/L, respectively. The median boron concentration found in WY 89 and 90 were
1.7 mg/1 and 2.2 mg/1, respectively. This trend was observed at all of the
monitoring sites.

The EC and boron values along the river do impose a slight to moderate degree of
restriction on the use of river water for irrigation. Extreme EC and boron
values at Fremont Ford and Hills Ferry Road have been high enough to impose
severe restrictions for irrigation, but these extreme values occurred during the
nonirrigation season.

Selenium concentrations at the Hills Ferry site followed the same general trend
observed for EC and boron with the highest concentrations occurring during the
critically dry 87 through 90 WYs with median values for WY 86, WY 87, WY 88, and
WY 89 being 4.0 pg/L, 11 g/L, 10 ug/L, and 9.8 ug/L, respectively (Table 4).
The median value for WY 90 is 11 wug/L. Similar trends were observed at
downstream sites. Figures 6 and 7 show the selenium concentrations with time for
the selected water years for the Crows Landing site (Index D) and Maze Road site
(Index G). Figures 8 and 9 show the boron concentrations for the same water
years and sites. As can be seen in all these figures, during dry and critically
dry years the time of year patterns remain the same. One possible explanation
for this relationship 1is that during times of low streamflow, as found in
critically dry water years, agricultural drainage water makes up a larger
proportion of the San Joaquin River flow and consequently, constituents
associated with this drainage water become elevated in the River.

The upstream Lander Avenue site is considered the background water quality site
for this study. However, the highest median values for molybdenum (20 ng/L)
occurred at the Lander Avenue site which is upstream of the discharge of tile
drainage (Table 4). These levels are not caused by subsurface drainage water,
as shown by the continued low concentrations of sulfate, boron, and selenium
(Figures 3B, 4B, and 5B in Appendix B), all of which are chief components of the
drainage water. Prior-to WY 87,.which was the first critically dry year (James
et al., 1988), median quality at the Lander Avenue site was comparable to that
at Vernalis. However, as seen in WY 88 and WY 89 (Westcot et al., 1989 and
1990), and in the critically dry WY 90, conditions have produced a change
including higher median EC levels and molybdenum concentrations and lower median
selenium and boron concentrations at Lander Avenue as compared to the Vernalis
site. In WY 90, greater than 50 percent of the samples collected exceeded the
monthly mean for molybdenum (19 xg/1) established in the Basin Plan for the San
Joaquin River. Five of the samples exceeded the maximum (50 pg/1) concentration
established in the Plan (Table 5). Because of the very dry conditions in WY 90,
flow at the Lander Avenue site was low. James et al., (1989) stated that flow
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San Joaquin River at Crows Landing Road
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Figure 6. Selenium Concentrations at Crows Landing Road Along the Lower San Joaquin

River for Water Years 1986, 1988 and 1990.
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